Resume -La longueur des paquets d'ondes n ' e s t pas identique a la longueur de coherence. Est-ce-que la longueur des paquets d'ondes e s t accessible aux mesures experimentales ? Une possibilite d'observation par interferometrie a resolution temporelle e s t proposee.
Wavepackets are a convenient conceptual bridge between wave-like behaviour on the one hand and localizable particle-like behaviour on the other. A homogeneous beam of identical particles may be represented as an ensemble of wavepackets each of which i s a coherent superposition of waves with a f i n i t e range of wavelengths and frequencies. In a non-dispersive medium such wavepackets retain t h e i r shape and may be characterized by a length Ax related t o the range of wavevectors, Ak, by the uncertainty relation: Ax Ak)1/2.
For the special case of Gaussian wavepackets, i.e. sinusoidal waves with a Gaussian envelope, the equality holds and Ax = Axmi, = 1/2 A k ; t h i s i s referred to as a minimum wavepacket.
Recent experiments in electron /1,2/ and neutron /3/ interferometry have raised the question: Is the shape, in particular the length, of wavepackets amenable t o experimental observation? In a non-dispersive medium, subject t o the assumption that the particles which constitute the beam can a l l be represented as Gaussian (minimum) wavepackets, a l l being identical except f o r arbitrary phases, the answer i s yes. As will be shown below, the output of a two-beam interferometer as a function of path difference, L , i s related to the mutual coherence function r ( L ) , defined as the bilinear ensemble average: I t i s then easily shown that in the above special case averaging over the ensemble does not change the width of the mutual coherence function, i . e . the coherence length. Thus the coherence length, LC i s ( u p t o a small numerical factor which depends on definitions) equal to the length of the wavepacket, i .e. LC = Axmi,. However, t h i s i s by no means true in general, even in a non-dispersive medium.
In general the beam may well consist of a mixture of wavepackets, each with a different mean value of k and maybe even different lengths, Ax. In that case the ensemble averaging involved in the definition of the coherence function removes any immediate relation between i t and the lengths of the individual wavepackets. As we shall see, LC will then depend purely on the overall range of wavevectors contained in the beam.
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The r e l a t i o n between t h e coherence l e n c t h and t h e length o f the wavepackets i s even more tenuous i n t h e case o f de B r o g l i e waves, by v i r t u e o f t h e well-known f a c t t h a t t h e Schrodinger equation gives r i s e t o d i s p e r s i v e propagation, i . e . t h a t t h e wavepackets representing m a t e r i a l p a r t i c l e s w i l l spread upon propagation.
For example, a Gaussian wavepacket w i t h i n i t i a l width Ax(0) w i l l , a f t e r propagating f o r a time t, have t h e width:
W i l l t h e coherence length, as measured by t h e width o f t h e c o n t r a s t f u n c t i o n i n a two-beam interferometer, a l s o increase? The answer, both t h e o r e t i c a l l y /4/ and experimentally /1,2,3/, i s no; the coherence length stays constant (and equal t o Ax(0)) i n s p i t e o f t h e i n d e f i n i t e spreading o f the wavepackets. To see t h i s , consider t h e wavepacket $(x,t) = p ( k ) e i (kx -wkt ) dk entering an i n t e r f e r o m e t e r where i t i s s p l i t i n t o two equal havles, one o f which i s s h i f t e d by a r e l a t i v e path d i f f e r e n c e L. The s t a t e emerging from t h e i n t e r f e rometer i s given by:
and t h e observed output o f the i n t e r f e r o m e t e r may be shown t o be t h e average: where r ( L ) i s the mutual coherence f u n c t i o n defined i n (1) and r ( 0 ) = I ( O) i s j u s t t h e average beam i n t e n s i t y . Now, i n s e r t i n g eq. ( 3 ) i n t o eq. (1) gives:
(6) Thus t h e i n t e r f e r o m e t e r output, eq. ( 5 ) , measures only the Fourier transform o f t h e k-space i n t e n s i t y spectrum o f t h e beam. Note t h a t t h e averaging has removed any X-dependence and any dependence on t h e length o f the wavepackets.
i b u t i o n i n k-space o f t h e beam i n t e n s i t y and o n l y i n t h e special case o f ident i c a l minimum wavepackets i s LC = Ax.
What happens t o our mental p i c t u r e i n which we g e t i n t e r f e r e n c e c o n t r a s t when t h e wavepackets overlap? For t h e p a r t i c u l a r case o f a Gaussian wavepacket we gain i n s i g h t by studying t h e e v o l u t i o n o f the packet. I n Fig. 1 
we see t h a t n o t only i s t h e envelope o f t h e i n i t i a l l y sinusoidal packet lengthening b u t a l s o t h a t t h e s p a t i a l and temporal frequencies change along t h e evolved packet. The s h o r t e r wavelengths, representing f a s t e r motion, precede t h e longer wavelengths, representing slower motion, as expected. Consider now t h e superposition o f the evolved packet w i t h a r e p l i c a of i t s e l f , s h i f t e d by a length L, as shown i n Fig. 2. It i s obvious t h a t t h e path d i f f e r e n c e L i s t o o g r e a t t o g i v e a s t a t i o n a r y phase r e l a t i o n -
s h i p and we get "beats" which move through the detector and average t o zero. Thus, even though t h e evolved wavepackets overlap, we do n o t get a s t a t i o n a r y i n t e r f e rence p a t t e r n unless L < LC = Ax(0).
The remaining question i s : I s t h e r e some other way t o observe t h e length o f wavepackets, given t h a t simple i n t e r f e r o m e t r y w i l l n o t suffice? The answer l i e s i n t h e d i r e c t i o n of time-dependent measurements. The coherence p r o p e r t i e s o f a beam 
or, f o r s t a t i o n a r y , t i m e -i n v a r i a n t systems w i t h x 2 = xl+L and t 2 = t l + T . 
I t i s n o t p o s s i b l e t o observe t h i s behavior
i n an experiment using a s i n g l e detector, measuring a t a s i n g l e p o i n t i n time.
The cases considered e a r l i e r correspond t o T = 0 and t h e q u a n t i t y r (~) defined e a r l i e r i s , i n f a c t , equivalent t o r(L,O). I n the case o f electromagnetic wave i n f r e e space r(L,T) i s a c t u a l l y a f u n c t i o n o f o n l y one variable, (L -cT) , and space and time displacement i n t e r v a l s p l a y a s i m i l a r r o l e . Thus, t h e complete coherence f u n c t i o n i s experimentally accessible, as we have shown elsewhere /5/. I n t h e case o f de B r o g l i e waves, where no dispersionless propagation i s possible, t h e time-dependent aspects o f t h e coherence f u n c t i o n have n o t y e t been investigated. A p o s s i b l e c l u e t o how t h i s might be done i s contained i n Fig. 2 . I f t h e timeo r i g i n o f t h e wavepackets could be defined by means o f an u l t r a -f a s t chopper, then t h e "beats" i n t h e superposition o f t h e two halves o f the wavepackets may be observable w i t h t h e a i d o f a f a s t , time-resolved d e t e c t i o n system. This would be analogous t o performing a "double s l i t experiment" i n time and studying the tempo r a l , r a t h e r than s p a t i a l coherence p r o p e r t i e s o f the beam. This experimental possi b i l i t y i s c u r r e n t l y under i n v e s t i g a t i o n .
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